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KADIATION AND THE TEMPERATURE OF THE SUN! 
By JoHN SaTTERLY 


“THE temperature of the sun cannot be measured by the 
methods with which we are familiar in our every day life; 
some other method must be devised. The heat and light of the 
sun reach us by a process which we call radiation. Of the three 
processes by which heat may be transmitted from one place to the 
other conduction and convection are well known, and instances 
abound of the part they playin heat transference ; but we are not so 
familiar with the method of radiation. How does the energy from 
the sun reach us across the ninety-two million miles of so-called 
empty space between earth and sun? The view that the sun could 
give us heat and light without anything happening in the space 
between us was abhorrent to experimental philosophers and a 
theory was promulgated that this so-called empty space is filled 
with a medium called ‘ether.’ The only laws which this ethet 
obeys are the laws which are necessary for the passage of trans- 
verse wave-motion through it. The solar radiant energy is brought 
‘to us by this motion. The same laws apply to radiation as to light. 


‘Substance of a lecture given to the Society on Dec. 10th, 1918 
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In fact, the physical processes of radiation and light are identical. 
light being just that portion of the radiation which excites the 
sensation of vision. There is a complete parallelism of experi- 
ments on ‘light’ and ‘radiation’ as far as propagation, reflection, 
refraction, dispersion, diffraction and polarization are concerned. 
We usually do the experiments with the ‘light’ because we can 
‘see’ the results. In the case of reflection by a concave reflector, 
the ‘light’ focus is also the ‘heat’ focus. In the case of an ordinary 
burning glass the same identity occurs, except in so far as chro- 
matic aberration pushes the ‘heat’ focus a little farther away from 
the lens than the light focus. By using a prism and one er more 
lenses we can throw a spectrum of the sun’s radiation upon the 
screen. We only see a band of colors on the screen, ranging from 
violet to red, but it is important to remember that what we see is 
but a small portion of the whole of the spectrum. If we use lenses 
and prisms which do not absorb the radiation, and also suitable 
detectors, it is possible to observe the presence of radiation beyond 
the violet, and also beyond the red. All the waves which fall upon 
the screen have the same mechanical basis; the only difference is 
that of wave-length. We have an analogy in sound, where all the 
sound waves given out by a musical band iravel with the same 
velocity, but our ears distinguish one from the other by the differ- 
ence in pitch. There is a wide variation of wave length in the 
radiation from a body like the sun, and the spectrum looks almost 
continuous. Some heated vapors, however, give out radiation ot 
definite wave-lengths and in these cases the spectrum consists of 
a number of bright lines, each bright line being the image of the 
illuminated slit, produced by radiation of some definite wave- 
length. The red rays have a wave-length of about seven ten- 
thousands of a millimetre, or .7 micron, while for the violet the 
wave-length is about .4 micron. 

The other colors range in between these. Waves of length less 
than that of violet light are called ultra-violet waves. They do 
not excite vision, but they are chemically active and affect photo- 
graphic plates. Waves longer than seven-tenths of a micron aré 
known as infra-red. They extend over a very wide range; they 


Radiation and the Temperature of the Sun 35 


have little chemical activity, but some have considerable heating 
effect. Of course, all the waves carry energy; it is only their 
manifestations that differ. Whenever the energy of the waves 
(whether ultra-violet, lumionus, or infra-red) is absorbed, heat 
is developed and by the theorem of the conservation of energy the 
heat developed is a measure of the energy in the waves. This 


gives us the basis of the usual method of measuring radiant 


it was found in the early days of science that black surfaces, 
e.g., one covered with lamp-black, absorbed practically all the 
wave-energy incident on them, and most of the measuring instru- 
ments have their sensitive receiver coated with a dead-black sur 
face. One of the first experimenters was Leslie, who used his 
differential thermoscope for this purpose. This consisted of two 
vlass bulbs connected by a U-tube containing a liquid index. One 
bulb was blackened and when the instrument was exposed to a 


stream of radiant energy, the blackened bulb became the warmer 


£ 


of the two and the index moved away from it. Good work was 
done by Leslie with this instrument. In time it was superseded by 
Nobili’s thermopile, in which was used the principle discovered 
by Seebeck, that, if a circuit is made of two metals and one junc- 
tion is heated to a higher temperature than the other, a current of 
electricity flows around the circuit. This current can be measured 
by inserting a delicate galvanometer in the circuit. It may be in- 
creased by using many junctions, exposing alternate ones to the 
radiation and keeping the others cold. The current is proportional 
io the difference of temperature between the hot and cold junc- 
tions as long as this difference is small. Also the difference of 
temperature is proportional to the heat absorbed by the junctions 
from the stream of radiation, and hence the current is proportional 
to the intensity of the radiation. This method of measuring 
energy streams has been widely used and can be made very sen- 
sitive. D’Arsonval and Boys used it in the radiomicrometer to 
measure total energy. In conjunction with a large mirror, Boys 
used this apparatus to measure the radiation from a candle three 
miles away. Rubens, by using a number of tiny junctions in a 
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row, has measured the energy sent into the different ‘lines’ of the 
spectrum. 

Another measuring device is based upon the alteration of the 
electrical resistance of metals, usually platinum, by a change of 
temperature. This alteration is about one-third of one per cent. 
per degree Centigrade. Langley made up a grid of very fine 
platinum strips and used a Wheatstone bridge arrangement to 
measure the resistance. The apparatus was sensitive enough to 
measure a rise of temperature of 1/10000° C. Lummer and Kurl- 
baum have increased the sensitiveness by using a differential 
arrangement of grids, and have also modified the construction to 
measure the radiation sent into a spectrum line. 

The first man to show that the sun’s radiation extended be- 
yond the range of the visible spectrum was W. Herschel. He 
threw a solar spectrum on the screen and by moving a thermo- 
meter from one end to the other, he showed by the heating effect 
on the thermometer the existence of the infra-red rays. Later 
work has shown that this infra-red radiation vastly extends the 
solar spectrum. In the case of a line spectrum such as is observed 
with a mercury lamp, one must remember that each spectrum line 
on the screen is an image of the illuminated slit produced by radia- 
tion of some definite wave-length, the wave-length corresponding 
to the position of the line on the screen. A continuous spectrum 
means that the light going through the slit has an infinite gradation 
of wave length. A dark line in a spectrum, e.g., in the solar spec- 
trum, indicates the absence of radiation of some particular wave- 
length, or rather the very low intensity of such radiation, so low 
that in comparison with its surroundings the line appears dark. 
The low intensity is due to absorption by the outer and therefore 
colder layers of the solar atmosphere. By taking a linear thermo- 
pile or bolometer through the spectrum from end to end, the dis- 
tribution of energy in the spectrum can be measured. This has 
been done by Langley, Lummer and Kurlbaum, and others, and 
by adding up all the energy, the total energy has been obtained, 
which should, of course, check up with the measurement of total 


There 


energy made when the dispersing prism is not interposed. 
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are corrections to be applied for absorption and reflection by parts 
of the apparatus, and by the medium through which the radiation 
has passed. Before we can take up the study of the temperature 
of the sun, we must also consider what is called the Theory of 
Exchanges. Emnunciated by Prevost towards the end of the 
eighteenth century and later elaborated by Balfour Stewart and 
Nirchhoff, the theory tells us (1) that any thermal equilibrium 
of an isolated body simply means equal giving and taking going 
ou at the same time, (2) that good absorbers are good radiators, 
and soon. One branch of the theory deals with constant tempera- 
ture enclosures. A body placed in a constant temperature en- 
closure acquires the temperature of the enclosure. The radiation 
in the enclosure has its energy distributed amongst the different 
waves in a certain definite way, dependent only on the temperature 
and independent of the nature of the enclosure. Such a stream 
o« radiation is said to be ‘full’ radiation. It is identical in nature 
with the radiation from a heated lampblack surface at the same 
temperature, and hence was at one time called ‘black body’ radia 
tion. Bodies differ much in their radiating power; thus a polished 
platinum surface emits much less radiation than lampblack surface 
at the same temperature, but if a constant temperature enclosure 
were made of platinum or any other body and a narrow tunnel 
were made through the walls to let some of the radiation out, that 
radiation would be practically ‘black body’ or ‘full’ radiation and 
would equal that from a lampblack surface of the same size as the 
tunnel and raised to the same temperature. Much work has been 
done with black bedies of this construction to see how the inten- 
sity of full radiation depends upon the temperature of the radiator. 
\ body placed in a constant temperature enclosure not only 
acquires the same temperature as the enclosure, but also absorbs 
and emits radiation in such a way that the quality of the radiation 
in all parts of the enclosure is kept absolutely uniform, and the 
amount per unit volume the same all over the enclosed space, this 
amount depending only on the temperature of the enclosure; and 
sometimes we even speak of the temperature of full radiation 


meaning the temperature of the lampblacked surface or of the 
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constant temperature enclosure which would supply exactly that 
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same quality of-radiation. 

We have now to enquire into the relation between the amount 
of radiation from a surface and the temperature of that surface. 
The first law is due to Newton, who found out that the intensity 
of the stream of radiation from a hot body was proportional to 
the difference between the temperatures of the body and the sur- 
roundings ; but it was soon found that this law was only approx- 
imately true. Dulong and Petit showed, that a higher power of 
the temperature than the first was essential. Rosetti used nearly 
the third power, and in 1879 Stefan, working on some observa- 
tional results of Tyndall's, showed that the radiation from a sur- 
face can be expressed by the formula 

S=aT?T’, 

where 7 is the absolute temperature and a is a factor depending 
on the surface and the temperature. This law is known as the 
Law of Radiation or the Fourth Power Law. Wi the radiation is 
black-body radiation, a is a constant, and this constant has been 
evaluated most carefully by a large number of most refined ex- 
periments. Its value is 5.3 x 10°° erg per sq. cm. per second per 
(degree)*. In the case of a platinum surface, the a is much 
smaller than the a of the lampblack surface, but if the temperature 
of the platinum is greatly increased the a of the platinum increases, 
and at very high temperatures, say, nearly two or three thousand 
degrees Centigrade, the a of the platinum approaches the black 
bedy a. In other words, all bodies tend to become ‘full radiators’ 
a: high temperatures, a proceeding which is of great value in prac- 
tical work on the measurement of the temperature of very hot 
bodies. 

The radiating stream from a black body being given as a7‘, 
the absorption of the black body from its surroundings is given by 
al,', where 7, is the temperature of the surroundings. The rate 
of cooling of the body is therefore given by a(/* »). In the 
case of bodies of very high temperature, 7* is much greater than 


7‘, so that the formula a7* can be used indiscriminately for the 


total stream and the balance of the output 
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This fourth power law has been applied to the measurement 
of temperature by the aid of a simple radiation measurer known 
as Fery’s Radiation Pyrometer. The stream of radiation from 
the black body, or from a tunnel dug into the mass of any body, is 
focussed by a gold-plated concave mirror upon a little thin black- 
ened copper disc. The disc is warmed. Its temperature is meas- 
ured by a delicate thermocouple, soldered to the back of the disc, 
and if readings are taken with two bodies at temperatures 7, and 
i, then obviously the galvanometers’ readings C, and C, are in the 


ratio 


- 2 
hence, if 7, is known, 7, can be found. The galvanometer scale 


can even be graduated to read ‘black body’ temperatures directly. 


In another form of the instrument, the copper disc is replaced by a 
spiral of compounded gold and silver strips, and the heating of 
the strips causes the spiral to wind or unwind, and the motion of a 
pointer fastened to the free end of the spiral indicates tempera- 
tures on a previously constructed scale. In both forms the instru- 
ment can be used by an ordinary workman, and one advantage 
that it has is, that its indications are independent, within wide 
limits, of the distance the pyrometer is away from the source of 
radiaion, as long as the image of the radiating source focussed by 
the mirror is larger than that of the copper dise or spiral upon 
which it falls. Thus the temperature of the sun may be taken by 
simply directing the instrument at the sun. At the same time, it 
may be necessary to introduce sector-diaphragms to cut down the 
amount of the radiation received, so that the pointer does not fly 
off the scales. 


The distribution of the energy of a very hot body at some one 


temperature is shown in Fig. 1, and that through the spectrum of 
in incandescent gas in Tig. 2. 

Lummer-and Pringsheim investigated the energy distribution 
in the spectrum of a black body at different temperatures. The 
area under the intensity curve (lig. 1) is a measure of the total 
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energy output, and they showed that this area was proportional 
to the fourth power of the absolute temperature, thus confirming 
Stefan’s Law. If we draw the tallest ordinate in Fig. 1, the cor 
responding abscissa gives us the wave-length of the particular 


waves which carry the maximum amount of energy. This wave- 
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length is called \,,.. When they investigated the energy distribu- 
tion for black bodies of different temperatures they got curves 
like Fig. 3. Here each curve of a higher temperature lies wholly 


above the curve of a lower temperature. The areas under the 
curves are proportional to 7*, and the next fact deduced was that 


Intensity of Energy 


Wave-lengths in Microns 
Fic. 3 


as the temperature went up the wave-length of maximum energy 
decreased and decreased in such a way that the product, A, 
absolute temperature, was constant and equal to 2910, if Xm is in 
microns and 7 in absolute degrees Centigrade. This law is 
known as the displacement law. It is important, for it affords a 


means of finding the temperature of the black body. For if in the 
energy distributiomf any black body we find by some means the 
Am, We can get at once the gemperature of the body by simple 
division. 


° We will now take up what is called the solar constant. The 


solar constant is the amount of energy which the sun sends per 
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second to every sq. cm. on the earth which is exposed normally to 
its rays. To measure this quantity, the energy is absorbed by a 
blackened surface and thus converted into heat, which is meas- 
ured directly by a rise of temperature in water or some other body, 
or else compared to an equal emission of heat from a source of 
known output. The great problem in the measurement of the 
solar constant was to correct for the absorption in the atmosphere 
This was done by Langley and Abbot, who have compared read- 
ings on the surface of the earth with readings on the tops of high 
mountains. The final value obtained for the constant is .033 
calories per sq..cm. per second, or .033 x 4.2 x 10° ergs per sq. em. 
per second. 

We have now all the material to hand for calculating the 
effective temperature of the sun. We do not say the actual tem 
perature of the sun, because there may be considerable variation 
in temperature throughout the sun’s mass. The solar disc, how- 
ever, radiates energy, and when we speak of the effective tempera- 
ture of the sun, we mean the temperature of a full radiator which, 
if placed in the position of the sun, would radiate just the same 
amount of energy that is given out by the real sun. 


Metuop 1. UsinG THE DisPpLACEMENT Law. 

Langley and Abbot have measured the distribution of the 
energy throughout the solar spectrum very carefully and found 
that the waves of wave-length about 490 micron carry the maxi- 
mum amount of energy. 

Putting “490 x 7 = 2910 
we get T = 5940°C. absolute 


as the effective temperature of the sun. 


Metruop 2. UsiInG THE SOLAR CONSTANT. 


interior of a sphere whose equator isthe orbit of the earth. There- 


tore, area of sun’s surface * a7* = area of the given sphere 


solar constant. 


: The energy sent out by the sun = the ene®gy received on the 
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Hence 
(stance of earth from sun \* solar constant 
sun’s radius ) a 
928 x 10’ miles \? "033 x 4°2 x 10’ 
7 33 x 10° 
5890°C. absolute. 


Metuop 3. Usinc THE or EXCHANGES. 

Let us assume that the sun and the earth are full radiators, 
that the temperature of the crust of the earth is nearly the same 
all over the earth, and the loss of heat from the earth by radiation 
equals that gained from the sun by radiation. These assumptions 
are very nearly true; even if not true, the errors involved are 
small. 

What is the ratio of the size of the disc of the sun to the 
whole area of the celestial sphere? 

The angular semi-diameter of the sun is approximately 106’ 


1”, which is 


961 , 
206265 radians 
Therefore the fraction of area of celestial sphere occupied by disc 
cf sun 
( 
206, 265 


where r may have any value, 

This = 1 
4 \ 206,265 184,300 

Now, imagine the celestial sphere to be coated with solar 
discs. The number required would be 184,300, and the earth at 
the centre of such a sun-lit sky would receive 184,300 times as 
much radiation as it does at present. The earth would then be in 
a ‘fully-radiating’ enclosure and the temperature would rise until 
it became equal to that of the sun. When this was attained, the 
earth would be radiating 184,300 times as much radiation as it is 
at present. But the amount of radiation from a body is propor- 


tional to the fourth power of the absolute temperature of the body. 
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Hence, taking the average temperature of the crust of the earth as 
290° absolute, we see that, if T is the temperature of the sun, 


T =290 2184300 = 300 « 20.72 — 6000°C. absolute. 


184,300 


A slight correction may be made to this, but it is hardly worth 
while bothering about it. 

We have thus deduced the effective temperature of the sun 
by three methods and the three results agree fairly well. We 
may therefore conclude that the effective temperature of the sun 
is in the neighborhood of 5°00 or 60C0 degrees absolute. 

We might have reversed the arithmetic in the last method 
quoted above, and, having assumed: the temperature of the sun, 
ceduced the temperature of the earth. We should have go! son 
where near 290° absolute. Making like assumptions for the other 
planets, we could work out their temperatures in much the sam: 
way. This has been done by the late Professor Poynting, who 
arrives at the following temperatures: Mercury, 467°A; Venus, 
342°A; Mars, 235°A. It is interesting to note that the average 
temperature of Mars’ crust is nearly 40° C. below the freezing 
point of water. In the same way the effective temperature of 
space has been found to be 7° C. above the absolute zero. 

In 1899, Professor Callendar, in a lecture to the Royal Institu- 
tion on the temperature of the sun, quoted some of the results 
obtained by early workers on this subject. Dulong and Petit, in 
1817, from a knowledge of the rate of cooling of a body in vacuo, 
deduced 1900° C. Rosetti, in 1878, using a radiation formula of 
his own, deduced 12,700° C. Bottomley in 1888 and Paschen in 
1893, using a radiation law involving a power of temperature 
higher than the fourth, both deduced 4000° C., karly workers, 
using the fourth power law, obtained 6°00°. and as late as 1897, 
Wilson and Gray, from results of experiments with a radiomicro 
meter, and using heated platinum as a comparison object, deduced 


600°. But we may safely conclude that the results given by the 
three methods outlined above are much nearer the mark. 
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THE SPECTROSCOPIC BINARY 12 LACERTAE 
By Reynoip YounG 
WELVE Lacertae belongs to the same class of binaries as 
B Cephei, « Scorpii and 8B Canis Majoris. These stars are 
similar in having very short periods (4% to 6 hrs.). All of them 
are probably variable and their radial velocity curves, withott 


exception, present peculiarities. An orbit for 12 Lacertae has 
already been published by the writer in the publications of the 
Dominion Observatory, Volume 3, No. 3.'| This work was based 
on measures of 117 plates taken at Ottawa with the one-prism 
spectrograph of that observatory. The fact that the period proved 
to be only four fimes the time required to obtain a single spectrum 
made the investigation of the details of the behavior of the star’s 
light extremely difficult. Nevertheless the observations did bring 
out several points of interest and indicated that it would be worth 
while to pursue the investigations further when an instrument for 
which the exposure time was shorter was available. 

The one-prism spectrograph attached to the 72-inch reflecting 
telescope will secure a good spectrum of 12 Lacertae, under 
normal exposing conditions, in five minutes. In the following 
work, the slit has been set narrower and the spectrum made wider 
than usual. Ten minutes under these conditions give a strong 
spectrum extending into the violet well beyond K. Twenty-five 
to thirty spectrograms can therefore be secured during one revolu- 
tion of the star. We have secured two series of plates covering 


a complete period, one series taken August 27 and a second series 


taken September 2. Plates were taken on three other nights near 
the times of predicted maxima or minima. These data are given 


Lelow in Table I. 


"See this Journat, September, 1916. 
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TABLE I. 


- 
Date 2 g! Date y wes =. 3 
Aug. 27 | | | 
505 - 61 546 769 57 
500) °799 6°3)-23°6| 65 547] 73 
§07| ‘806 0°7|-27°2| 69 3°4 - SO 
505 040/+ 6°1|/- 75 549 798 63 72 
509 S1g 0O°7|/-23°6| 77 550 Sod 050'+ 7°3 + 62 
5io 827 °055\+ 4°3/- 6'o| 72 551 074/+15° {5°90 s9 
sit 335 °063,+ S84 552 O'9 
512 2°g/- 18'0, 105 1553) “850 ‘og2!-15°1 100 
513 5 103 554 359 - 23°5,;-14°2, 107 
"858 080 20°2 106 555 "S08 {10} — 31°6, - 21°3) 102 
515 094 - 19°90 7°4| 117 550 lig) 51°53 35°5 go 
516 S74 18°3|- 26°4) 557 S56 - 64°3 3 
517 108|- 21°4 - 16°2| Sept. U1 
518 S358 116] - 35°2) 33°5| St 574 "755 -37°2; 106 
519 *SQ5 123) - 2y°3/-17°5| 575 "765 125|- 
520 *gO2 130,;- 37°1'-1§ 38) 85 570 130! - 22.6) 106 
- 37°9, - 22°5, 63 577 756 146) 39°4 160°4 76 
522 — 43°1/ - 16°38) 579 ‘$60 o'l 74 
523 156/- 40°0 - 65 580 S865 60-134 63 
524 *930 164 36°S|;- 20°3, 79 551 °046/ + 12°5 + 3°0 
525 "044 172|— 31°6;-26°7) 82 | 582 '057/+ 
526 ‘95! 179|- 25°3,-10°S, 65 Sept. 13 | 
527 "95S 64 59! *787 9°5)- 25°5 63 
528 967 22°5/-16°5| 65 592 799 °035}- 10°38 7°9| 77 
529 ‘974 16°7,- 16°3| 66 593 *So8 - 10°4' - 76 
Sept. 2 594 S19 055 16°G ~ 13°2 S5 
539 "705 140| - 46°3;-17°9) 598 *135) -29°9 -26°0 98 
540 "712 - 29°2| 80 599 999 18°2, - 22°0 $3 
$4! *720 155|-53°3'- 25°74, 66 600 155) - Sz 
542 *732 =|°167| 42°3) - 37°3| 68 oct Ig 
°740 175|- 39°5|-20°5; 53 | ‘62 138] 36°6) - 20°1 75 
544 62 703 634 31°t|- 16°6 69 
545 “761 003} - 54 | 709 ‘717, - 50 


In the third column of the table, the phases are counted from 


Julian Day 2421833.0. 


obtained from all the spectral lines, exclusive of the lines H and K 


The fourth column gives the velocities 
The results from the latter lines are found in the 
The 


sixth column gives the sum of the widths of eight of the principal 


of Calcium. 
fifth column. As a rule, the A line alone was measurable. 
lines, the unit being 1/200th mm. 

A general idea of the precision of the measures may be ob- 


tained from an inspection of the radial velocity curves for August 
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27 and September 2 (Fig. 1). The points indicated in these 
curves are normal places, each formed from two to three indi- 
vidual measures. The probable error of a single observation, as 
determined graphically, was 1.9 km. for August 27 and 3.2 km. 
for September 2. 
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FIG. 1 
RapIAL VELOCITY CURVES OF 12 LACERTA 


August 27 and September 2. 


Period. The period previously published rested on observa- 
tions taken during the years 1913, 1914, 1915, and a few plates 
taken at the Mt. Wilson Observatory in 1911.. Since then, 
Professor Frost, Director of the Yerkes Observatory, has com- 
municated three additional velocities, of which the earliest was 
taken in 1908. The last plates here were made over ten years 
later, so that from the date of the first observation made at the 
Yerkes Observatory to the date. of the last observation here, the 


star has made more than 19,000 revolutions. There are no fndica- 
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VARIATION IN LINE WIDTH, 
September 2. 


VARIATION IN LINE WIDTH, 


August 27 
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B Canis Majoris not only does the amplitude vary, but a simple 
period fails to predict the maximum and minimum points. Mr. 
Henroteau gives a very ingenious explanation to account for the 
observations. He supposes “two sinusoidal or periodic variations 
of approximately the same constant amplitude and very nearly the 
same period exist.””. Their combination gives a curve of variable 
amplitude with a constant value for the velocity of the system. 
\When the two variations reinforce each other, i.e., when they are 
in like phase, then we get a large observed range. The fact that 
the two variations have unlike periods will soon alter this agree- 
ment in phase, and when the phases differ by 180°, then we observe 
small amplitudes. 

In the case of B Canis Majoris there was evidence of the 
existence of this second period in the variation in the width of the 
lines. In 1915 the writer suspected that the lines in the speetrum 
of 12 Lacertae altered their character at times, but the long ex- 
posures and the poor quality of many of the plates prevented this 
point being investigated. The present series of plates show that 
not only do the lines become diffuse, but, like the lines in the 
spectrum of B Canis Majoris, they become wider. Figures 5 and 
© are plots of the measured widths of the lines in the plates taken 
August 27 and September 2. They show that in these two cases 
minimum width agrees almost exactly with periastron passage. 
In this respect the spectrum of 12 Lacertae parallels that of 
o Scorpii. another binary of very short period. A further inspec- 
tion of the plates shows that when the range is small the lines are 
fairly wide and always rather diffuse. There is, however, no evi- 
dence as yet that the variation in the width and definition of the 
lines has a period different from that of the velocity variation, 
although it is possible that such is the case. The evidence is not 
conclusive on this point. 

There are other complications in the measures of 12 Lacertae 
not yet recorded. If we compare the elements as derived from 
the 1918 plates with those published in 1915, we find that the 


velocity of the centre of mass seems to have shifted from 13.7 km. 


to nearly 20 km. In order to investigate this point more fully and 


| 
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make sure it was real, the observations taken in 1913, 1914, 1915, 
i918 were examined separately. First, the straight algebraic 
means were taken. If the observations were distributed at ran- 
dom, this would give the value of y. Second, the observations 
were divided for each year into two parts. The ‘first part com- 
prising all those observations with phases where the binary was 
approaching us, and the second those observations with phase 
where it was receding. The means of these were taken separately, 
aad then the mean of the two values should give a value for y. 
This procedure eliminates an error which would be present in the 
first method from more observations lying below the axis than 
aleve or vice versa. Third, means were taken of a number of 
observations with phases centered around the maximum and 
minimum points of the radial velocity curves. This is probably 
the best procedure when, as in the present case, the eccentricity 
is small and nearly ninety degrees. The result is shown in 


the following table. 


Date (1) (2) (3) 

—13.3 km 99 km. — 8.5 km. 
1914 ......... —138 km. 12.5 km. —11.2 km. 
| —168 km — 15.4 km. _— 15.6 km. 
Pea — 19.6 km. 19.3 km. — 19.1 km. 


The center of mass of the binary system 12 Lacertae is ap- 
proaching the observer at a variable rate. The period suggested 
is many years. There is a distant companion 72” away, twelfth 
magnitude. It would hardly appear that this could be concerned 
in the phenomenon, as in the past century the relative motion has 
heen very small. 

Calcium Lines. Since the discovery of the existence of 
hinary stars in which the 4 and A’ lines did not share in the 
variation of the other lines, there has been considerable investiga- 
tion to find out whether the calcium causing the absorption was 
surrounding the star as part of its atmosphere or whether it was 
in the form of a cloud lying between the observer and the star 


under observation. 


The observations of 12 Lacertae, 1918, agree with those taken 
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in Ottawa in showing that the calcium lines do not share in the 
same variation in amplitude as the other lines in the spectrum. 
On August 27 there is scarcely any range indicated. On Septem 
ber 2 the range is not more than twenty-five kilometers, while the 
other lines show a range of seventy. When the amplitude of the 
hydrogen and helium spectral lines is large, the calcium lines show 
a measurable smaller amplitude. When the hydrogen and helium 
lines are oscillating through a small range, the amplitude of the 
A and H lines is either zero or masked by the errors of measure 
ment. The velocity of the centre of mass of the Linary system, as 
determined from the calcium lines, is in substantial agreement 
with that determined from the other lines. This holds for caca 
year’s observation. Thus we have: 


1913 1914 1915 1918 
Hand He —8.5 —11.2 — 15.6 | 
Ca — 9,1 — 11.2 17.7 


The wave length of the calcium lines if increased slightly would 
remove the systematic difference. The point that is significant is 
that the calcium lines strengthen the result, if indeed that needs 
strengthening, that the velocity of the centre of mass has varied 
since 1913. Moreover, this variation shows in the clearest way 
that the calcium vapors causing the absorption are moving with 
the star. ° 

One other point is worth recording from this investigation. 
The calcium lines show very little variation of character such as 
is shown by the other spectral lines. Whether we regard stars of 
this class as true binaries, or whether we ascribe the variation in 
the observed radial velocity to some pulsation of a single star, as 
suggested by Shapley,* the calcium vapor as a huge cloud sur- 
rounding the condensation or condensations in the centre is not 
greatly disturbed by the revolution within, if the star is a binary, 
or by the pulsations of the core if it be but a single star. On the 
hypothesis that there are two condensations and that the cloud 


rotates around their common centre of gravity, with a_ period 


Contr. Mt. Wilson Sol. Obs., No. 92. 
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coincident with the revolution of the stars in the centre, it is pos- 
sible to explain‘ very nicely both the cases of apparently stationary 
H and K and those cases where these lines share in part of the 
variation of the other lines in the spectrum by assuming different 
degrees of condensation for the calcium vapor. The phenomena 
can, however, be explained equally well ky the pulsation theory, 
assuming that the absorption which gives rise to the calcium lines 
occurs at a very high level and that the outer layers of the calcium 
cloud are not greatly disturbed by the pulsation taking place in 
the core in the centre. 

Summary.—1. From the measures of spectra of 12 Lacertae 
taken in 1918 it is definitely shown that the amplitude of the radial 
velocity curve varies from night to night, being as small as fifteen 
or twenty kilometers at some times and as large as seventy at 
others. 

2. The shape of the curve is not constant, but a simple period 
will harmonize fairly satisfactorily the observations taken between 
1908 and 1918, and serves to predict the approximate times of 
maximum and minimum velocities. 

3. The spectral lines undergo a periodic variation in width, 
the lines being wide and diffuse at periastron passage and sharper 
and narrower at apastron. When the amplitude exhibited by the 
curve is small, the lines are generally more diffuse than when the 
range is large. 

4. The velocity of the centre of gravity as determined from 
plates taken in any one year is constant, but plates taken in 1913, 
1914, 1915 and 1918 show that it is subject to a long-period varia- 
tion. 

5. The amplitude exhibited by the calcium lines is smaller 
than for the other spectral lines, and they are always sharp and 
narrow even when the others have become wide and diffuse. 
When the range in the hydrogen and helium lines is high, then 
the amplitude exhibited by the calcium lines is easily discernible ; 
when the hydrogen and helium lines show a small range, the 


‘This JourNAL, Sept., 1916, p. 372. 
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amplitude exhibited by the calcium is masked more or less com- 
pietely by the error of determination. 

6. The velocity of the centre of mass, as determined from the 
calcium lines, shows the same variation from year to year as do 
the other lines in the spectrum. This shows very plainly that the 
calcium causing the absorption is moving with the star and that 
therefore it is probably in the form of a large cloud surrounding it 


DOMINION ASTROPHYSICAL ( JBSERVATORY, 


VICTORIA, 
Dec. 4, 1918. 


THE SPECTROSCOPIC BINARY BOSS 1275 
By J. B. CANNON 


Bos 1275 (a = 5» 16™-0, 8 = + 29° 29’, Spectral Type 4, 
Mag. 5°7) was discovered to be a spectroscopic binary at 
Mt. Wilson, and the measures of six plates were sent by Dr. 
Adams to this Observatory in October, 1916. Of these, two 
plates showed the components separated, and the other four the 
spectra superposed giving one measure. 
Forty plates were taken here and the following elements 
were derived from the measures of them :— 


P = 27°43 days 

y= - 14:17 km. 

A,= 116°91 km. 

K, = 116°12 km. 

e = ‘247 

o, = 29°°80 

w, = 209°°80 

T = 2,421,142 00 J.D. 
a,sinz = 42,730,000 km. 
a,sinz = 42,440,000 km. 


On the curve the double circles are those normal places com- 
mon to the two components. The values of A, and A’, are 
practically the same and the stars are hence about equal in mass. 
The lines where separated also show that there is little difference 


in brightness. 


DoMINION ASTRONOMICAL OBSERVATORY, 
OTTAWA, CANADA, 
August 6, 1918. 
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MEETINGS OF THE SOCIETY 


At Toronto 


December 10, 1918,—The Society held its regular meeting 
at 8 p.m., the President, Mr. A. F. Miller, in the chair. 

A summary of the business transacted at the meeting of the 
Council on December 6 was announced, viz., that the names of 
those in arrears beyond a fixed limit had been erased from the 
membership roll; that owing to the unsatisfactory conditions of 
the place of meeting, the Council had authorized enquiries to be 
made for another place; that nominations had been made for 
officers for 1919 agreeably to the Constitution; that a Committee 
had been appointed to make arrangements for the Annual At- 
Home; and that instructions had been given to have the Lists of 
Members printed. 

Professor Satterly mentioned a peculiar haze on the evening 
of December 4th, and Mr. .liller referred to an aurora, with some 
streamers, on the night of December 8th, and into the morning of 
the 9th. Professor Satterly asked if the Handbook, which was 
reduced in size owing to the war, could be enlarged again, 
especially for the planet positions, and in reply Professor Chant 
explained that the maps that had been supplied to members could 
still be used and would obviate an immediate restoration of the 
columns of figures, etc. 

The decease of Mr. C. Robson, a member of the Society in 
the army service, was referred to. 

Professor J. Satterly gave the paper for the evening on ascer- 
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taining “The Temperature of the Sun” by radiation methods. 
Radiation he defined as a process of transfer of energy through 
empty space. When this radiation is absorbed, it is converted 
into heat. It may be measured by the differential thermometer 
with two bulbs, one of which is coated with lampblack. The first 
person to measure radiation in this way was Sir John Leslie, a 
Scottish scientist. The next important instrument of measure- 
ment was the thermopile of Seebeck, who found that an electric 
current is produced if the junctions of two metals are at different 
temperatures, This instrument is very sensitive to radiation. The 
bolometer may also be used. This instrument acts upon the prin- 
ciple that electrical resistance varies with the temperature. 

Newton, in 1770, estimated the radiation of the sun, but there 
was not much further advance in the subject until Stefan, in 1879, 
tcok up Tyndall’s experiments and found the law which Dulong 
and Petit, as well as Tyndall, had overlooked, or had failed to 
discover, viz., that the radiation from a hot body is proportional 
to the fourth power of its absolute temperature. On this prin- 
ciple the effective temperature of the sun is found to be about 
6000 degrees Centigrade. A correction for the amount of absorp- 
tion in our atmosphere has to be made. 

Another method is to make a calculation from the area of the 
sun’s disc, and thereby ascertain that it would take about 200,000 
suns to completely fill the sky. From this fact, applying Prevost’s 
theory of exchanges, it is found that the sun’s temperature would 
be about 5,800 degrees Centigrade. The temperature at the sur- 
faces of Mars and Venus could also be measured by this method. 

Finally, by the spectrum curve method of calculation, its 
temperature is found to be 5,900 degrees. 


A fuller account of the paper appears on page 33 in this issue. 
A. F. Hunter, 
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THE DOMINION ASTROPHYSICAL OBSERVATORY 


VICTORIA, B.C. 


SECOND LIST OF SPECTROSCOPIC BINARIES 

The following table contains a list of 18 binaries discovered 
in the course of the radial velocity work of this observatory. The 
first list of 12 binaries was published in the November, 1918, issue 
of this JouRNAL, which, with this list, makes 30 to date. 

As in the first list, the serial numbers are continued and the 
binaries are arranged in order of right ascension for convenience 
of reference. Notes in regard to the character of the spectrum 
and other remarks which are too long to be incorporated in the 
table, are given below the latter, the purpose being to make the 
data about each sufficiently complete to enable observers desiring 
to work at any of these binaries to decide on the character of the 
spectrum and its suitability for obtaining an orbit without making 
test plates. 

In the table, column 1 gives the serial number of the binary. 
Column 2 gives the number of the star in Boss’s Catalogue and in 
the Revised Harvard Photometry and its Right Ascension and 
Declination for 1°CO. Column 3 gives the visual magnitude and 
spectral type from the Henry Draper Catalogue, the unpublished 
data being kindly supplied by Prof. Pickering. Column 4 gives 
the date of the observation of each plate. In column 5 in this 
list is given the Julian day and fraction of a day of the observa- 
tion in preference to the Greenwich mean time in hours and 
minutes, as in the previous list. Column 6 gives the measured 
radial velocity to tenths of a kilometre. Column 7 gives the 
respective quality of the individual plates as regards suitable ex- 
posure and development, but does not give any indication of the 
character of the lines, which is discussed in the supplementary 
remarks. The last column gives the discoverer, P standing for 
Plaskett, Y for Young. 
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No. 


20 


21 


Star 
R.A. 1900 
Dec. 1900 


Boss 108 
H.R. 137 
ooh 28m°6 
+66° 12’ 


Boss 307 
H.R. 305 


oth 17m‘9 
+ 37° 12 


Boss 480 
H.R. 620 
o2h o2m'5 

+ 37° 23° 


Hi R. 6767 
18h 
+ 41° 56’ 


H.R. 6814 
18h oSm'! 
+ 33° 26’ 


Boss 4614 

H.R. 6826 
1Sh ogm'S 
+ 38 45° 


Boss 4644 
H.R. 6877 
8k 17m"! 
+ 28° 49’ 


Boss 4972 
H.R. 7395 
igh 22m°6 
+ 36° 07’ 


Boss 5150 
H.R. 7678 
20h 00m°7 


+ 31° 56’ 


Type 
Mag. 


Bg 
6°4 


uM, 
w 


Aop 


Bo 


Astrophysical Notes 


Date 


Oct. 


“ 
Nov. 
Sept. 
Oct. 
Nov. 


Dec. 

Oct. 

Nov. 


June 
Sept. 


Aug. 
“ 


Sept. 

Nov. 

May 
“ 


June 


June 
July 
Aug. 
Oct. 


se 


6 


8 


19 
26 
26 


Julian Day 


1873343 
1875°794 


1886°836 | 


1924691 
1924°707 
1848-907 
1895 °762 


1918°750 


1giS°765 
1945687 
1948 697 


1873 °88q | 


1887°822 


1894°359 | 


1922°828 


1773°867 
1853°609 


1828°710 
18 31°723 
1859°669 
1903°564 


1735°942 
1740°914 


17647328 | 


177i °824 
1799°734 
: 1823 677 
1831°739 
1880 591 


1882°608 | 


1891 


1771 
1774°852 
1781816 
1796°803 
1943°569 


1763°944 
1786°849 
1811°S28 
1836°743 
1842°759 


Radial 


Velocity 


(Quality 


Fair 
Good 


Good 


Good 
Fair 


Fair 
Good 

Poor 
Good 


Good 


Good 


Good 
Fair 
Good 


Good 


Discoverer 


= 
| | 
13 214 | P 
= 25 
| - | 
| - 366 | be 
= i + 66°85 
20 + 15°5 
20 |} | 
15 6| | Good P 
A2 20| + 26°0 “6 
48 27 | 
| 24| | | | 
16 28 | - Ig'l | Y 
| Fo 16 | - 4474 | 
| 
} | 
| 
47 | 22 P 
| A2 = 25 - 38°6 | 
5°8 22 | - 60°7 | 
5 | - 22°9 | 
18 21 | +237 Y 
| ‘ | 
59 - 89 = 
19 | 26 | = 39°8 3 
| AS 24 28°9 | = 
gy 22 21°6 
| 25 42°7 
13 38°5 
- 15 30°8 | 4 
| 
= | ‘June 26 we 24°5 | P 
— 25°8 
52 July 6 27°2 
- 17° | 
Get. 24 - 10°8 | 
Dec. 15 - 13°3 
June 18 19°6 | 
| Aug. § 22°5 
Sept. § 21°3 
| 
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Type Radial 
No. R.A. 1900 t Date Julian Day ,. ; Quality Discoverer 
Mag. | ; Velocity | * 
Dec. 1900 | | 
242 | 
22 ~Boss 5225 Oct. 13 1889°649 - 56°4 Fair | P 
H.R. 7792 Bo ig 1886611 | 26°2 Good 
20h 18m-‘o 5°6 “ 24 | 1891°660 | - 28°i 
+61° 56’ 29 1896°574 | - 47°2 
23 Boss 5250 July 16 °1791°878 - 17°7 Fair Y 
H.R. 7827. Ao 30 1805°817 ~ 50°g Good 
20h 24m 0 6°2 
+ 56° 19’ 
Aug. 1g 1825°867 - 41°9 Fair | P 
8074 A5 24 1830°826 13°3 
21h oom'3 25 1831854) Good | 
+ 46° Sept. 15 1852°742 ~ 34-2 
Nov. 5 1903°594 7°5 
25 Boss 5442 June 18 1763°956 - 10°8 Good Y 
H.R. 8094 Ao july 2 1777°940 ~ 47°5 
+ 29° 48’ Aug. 30 1836°793 147] 
26 Boss 5447 June 20 1765°974 - 20°7 Good P 
H.R. $106 Bg Aug. 1828°331 32°4 
2tho7m'! 5°7 2 1830°796 - 23°8 big 
+ 53° 09’ 25 1831°812 30°3 
Oct. 8 1875°695 25°2 
29 1896°626 - 
Nov. 5 1903°608 20°3 
26 1924°541 - 12°9 
30 =1928°575 ~ 18°9 
Aug. 23 1829°826 14°5 Good 
H.R. 8170 FS Oct. 8 1875°733 + 41°2 
2th 6°5 13 1880-677 - 45°6 
+ 39° 55’ 1g 1886°677 4°! 
28 Boss 5531 July 17g91°g908 - 49 Good Y 
H.R. 8237 Ao 30 | 1805831 25°6 
2th27mo 61 = =Oct. 39 | 1897°619 12°2 
+ 52° 31° Dec. 10 | 1944 545 29°9 > 
29 5579 June 28 | 1773°945 Good \ 
H.R. $300 Ao July 16 | | Weak 
2th 38m*4 Oct. 36) 1897°664 88-95 Good 
+ 40° 38 Dec. 20 1948°53 - 99°55 
30. Boss 6034 Oct. 20 1887°683 - 2‘! Fair P 
R. Bo 24 18g1°710 Good 
23h 4556 29 «1896604 5°38 
+ 42° 21° Nov. 5 | 1903°635 ~ 13°4 
26 1924°633 - 22°0 


No. 


No. 


No. 


No. 
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. 13.—The lines in this spectrum are rather broad and not easy 


of measurement. The hydrogen lines are strong, but helium 
is weak, only 4472 being measurable and of about the same 
intensity and character as 4481 and K. 


14.—The spectrum exhibits double lines on the plate taken 
October 28th. Eight lines of one component and seven due 
to the other were measured. When the lines are superiin 
posed they are numerous and well defined, the type of spec 
trum being A3. 


15.—The hydrogen lines and the Calcium A in this spectrum 
are strong and rather broad, but fairly well measurable. 
Numerous weak and rather broad metallic lines give fairly 
accordant results among themselves and agree wit) the values 
obtained from the hydrogen lines. 


16.—There are many rather ill-defined lines in the spectrum 
of this star, which look of fair quality under the low magnify 
ing power of an eyepiece, but which are very difficult to set on 
under the microscope of the measuring engine. 
17.—This spectrum is somewhat similar to No. 15 as regards 
the character of the lines. Fewer metallic lines show and the 
measures depend on the broad hydrogen, 4481, and A 


18.—The hydrogen lines, together with a very faint calcium 
line and a faint magnesium, are all that were seen in the 
spectrum. The definition of the hydrogen lines is fair and 
the accordance of the velocities from the various lines very 
good. 


19.—The numerous metallic lines in this spectrum are weak, 
broad and unsuitable for accurate measurement. The hydro 
gen lines, 4481 and KA, are, however, strong, fairly weil de 
fined and agree well among themselves, so that the resulting 
velocity values may be considered reasonably reliable. 


20.—This spectrum contains numerous good lines for meas 
urement, the best being the hydrogen series, which, though 
strong, have sharply defined edges. The line 4481 is good 
A especially sharp, and the silicon pair, 4128, 4131. stand 
out very prominently and probably form the “peculiar” char 
acter of the spectrum. 


21.-—This star promises a very interesting spectrum. The 
velocities given in the table result from helium and silicon 
lines. The hydrogen lines give about the same or larger 


range, but are at least ten kilometers more negative. The 
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calcium A line is about thirty kilometers to the violet and 
seems to give a constant velocity. Forthe five plates in orde1 


‘the hydrogen lines give + 9.4, — 2.6, + 0.6, + 11.5, — 17.1 
km., and the calcium lines — 10.3, — 12.3, — 11.7, —8.5, 


8.3 km. The lines are of good quality. 


. 22.—Hydrogen and 4481 are the best lines in this spectrum 


and the measures depend on these lines. A is broad and 
rather weak and a few faint, broad metallic lines are visible. 


.23.—The spectrum of this star is very much the same as No. 
18 


. the calcium A line being, however, much stronger. 


. 24.—Although the hydrogen and metallic lines in this spec- 


trum are broad, the measures generally are in good agree- 
ment. The second spectrum was measured on one plate and 
its presence probably accounts for the width of the lines. 

25.—_This star is listed in Harvard as of type do. The helium 
lines are quite measurable on the spectrograms taken here, 
and the silicon lines 4128 and 4131 are prominent. The cal- 
cium line A seems to give a smaller range than do the other 
lines. The spectrum is of good quality for measurement. 


26.—Besides the hydrogen lines, which, though strong, are 


sharply detined, and the sharp silicon pair 4128, 4131, this 
spectrum contains numerous well defined metallic lines and 1s 
well suited fer accurate measurement. Although the range 
of velocity is small, measures of similar constant velocity 
stars indicate its undoubted reality. 

27.—This spectrum is of excellent quality for measuremen!, 
ahout midway between Procyon and the sun in type, and 
the plates-were measured on the Hartmann Comparator. 
28.—The spectrum is rather peculiar in the great intensity 
of the calcium A line in comparison to the hydrogen lines and 
the magnesium line 4481. Besides these lines, which are 
fairly well defined, there are traces of many faint lines in the 
spectrum not suitable for measurement. 

20.—The measures of this star rest on the calcium A line 
alone. The two components are of about equal intensity and 
it is not possible to distinguish between them on the three 
plates. The hydrogen lines are rather wide and on none of 
the plates could they be measured as double. 


30.—The hydrogen lines in this spectrum, though broad, are 
well measurable, 4481 and A are well defined, and numerous 
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faint Lut sharp metallic lines make this spectrum suited for 
accurate Measurement. 
J. S. PLaskerv, 


REYNOLD K. YOUNG. 
Vicrorta, Dec. 30, 1918. 


Noté.—Dr. W. Ss. Adams has kindly drawn my attention to 
a previous announcement of No. 6, Boss 4069, H.R. 6917 of the 
first list of binaries discovered at Victoria. (This JourNAL 12, 
p. 400.) This star was contained in a list of binaries discovered 
at Mt. Wilson and announced in the Publications of the Astron- 
omical Society of the Pacific, December, 1917. 1 also find, on 
comparing this list with the binaries given in the list above, that 
No. 21, Boss 3150, H.R. 7678, was also previously discovered at 
Mt. Wilson. 

Hence these two binaries, although independently rediscov- 
ered here, should not be included in the list of those originally 
discovered at Victoria. [| regret that this announcement in A.S.P. 
was inadvertently overlooked. This was owing to the recent 
organization of the observatory, to the incomplete state of the 
iibrary and the press of other work, which made it impossible for 
the small staff to keep our card catalogue of the radial velocities 
and other information about stars up to date. 


January 12, 1919. 
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NOTES FROM THE METEOROLOGICAL SERVICE 


SUMMARY REPORT OF THE WEATHER IN CANADA 


DECEMBER, 1918 


Temperature- The mean temperature was above average 
throughout Canada, excepting only British Columbia and the 
extreme eastern portion of Nova Scotia. The largest positive 
departures, amounting to from 4° to 8°, occurred in Saskat- 
chewan, and from 4° to 6° in Manitoba and Northwest Ontario, 
whence the excess diminished gradually eastward over Quebec, 
to about 1° over most of New Brunswick and Western Nova 
Scotia. The negative departures were from 1° to 3° near the 
Coast in British Columbia, and about 1° in Cape Breton. 


Precipitation—The precipitation did not differ greatly from 
average in any part of the Dominion, but such differences as. 
ocourred were mostly positive. In British Columbia it was 
almost wholly rain at lower levels, and it was only at high levels 
that there was much snow. In the Western Provinces the snow- 
fall was nearly average, and there was little, ifany, rain. From 
Ontario eastward to the Maritime Provinces rain predominated, 
and such snowfalls as occurred were quite moderate. On the 


3ist of the month there was a light snow covering over almost 
the whole Dominion, including the northern part of Ontario and : a 
Quebec where there is much less than usual at this date. 
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STATION 


Yukon 


Dawson 


British Columbia 


Atlin 
Agassiz 
Barkerville 
Kamloops 


New Westminster 


Prince Rupert 
Vancouver 
Victoria 


Western Provinces 


Battletord 
Calgary 
Edmonton 
Medicine Hat 
Minnedosa 
Moose Jaw 
Oakbank 


Portage la Prairie 


Prince Albert 
Qu’ Appelle 
Regina 
Saskatoon 
Souris 

Swift Current 
Winnipeg 
Ontario 
Agincourt 
Aurora 
Bancrott 
Barrie 
Beatrice 
Bloomficld 
Brantford 
Chapleau 
Chatham 
Clinton 
Collingwood 
Cottam 
Georgetown 
Goderich 
Gravenhurst 
Grimsby 
Guelph 
Haliburton 
Huntsville 


— 
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The Weather in Canada 


STATION 


Kenora 
Kinmount 
Kingston 
Kitchener 
London 
Lucknow 
Markdale 
North Gower 
Oshawa 
Ottawa 

Paris 

Parry Sound 
Peterboro’ 
Port Arthur 
Port Burwell 
Port Dover 
Port Stanley 
(Queensborough 
Ronville 
Southampton 
Sundridge 
Stonecliffe 
Stony Creek 
Toronto 
Uxbridge 
Wallaceburg 
Welland 
White River 


Quebec 


Brome 
Father Point 
Montreal 
Quebec 
Sherbrooke 


Maritime Provinces 


Charlottetown 
Chatham 
Dalhousie 
Fredericton 
Halifax 
Moncton 

St. John 
Sussex 

Sydney 
Varmouth 


TEMPERATURE FOR DECEMBER, 1918 


December 


Highest} Lowest 


| -25 
44 | 2 
47 5 
50 | 
33 16 
49 
45 I 
48 -10 
60 12 
5! 9 
44 
40 | 6 
35 6 
48 13 
i7 
43 10 
49 It 
5! 13 
| 16 
| 13 
5st | a4 
47 3 
54 | 14 
52 | 1 
39 ~ 30 
49 16 
44 4 
44 2 
43 7 
47 10 
44 
40 10 
49 6 
§0 4 
5! 
47 3 
50 
46 16 
50 17 


= 
4 
4 December 
Highest Lowest 
. 
38 -50 
| 
39 | | 
50 24 
@ 37 -~ 6 
= 46 ‘ 
50 21 
3 47 24 
50 23 
50 30 
4 | 27 
q 
| 
" 36 
4 | | 
40 28 
44 -20 
39 
42 34 
q 40 -25 | 
i 45 ~26 | 
7 40 24 
| 
5! 9 
4 48 -1 
44 
44 - 8 
49 I 
56 10 || 
5! 13 
70 12 
5! 4 
59 14 
3 45 
55 14 | 
44 13 | 
4 44 8 
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EARTHQUAKE RECORDS BY THE MILNE SEISMOGRAPH 


TORONTO 
SIR FREDERIC STUPART, DIRECTOR. 


?.T. = Preliminary Tremors, = Secondary Waves. L.W. = Large Waves. A.C. 


= Air Currents. Time is Greenwich Civil Mean Time, 0 or 24h = midnight, 
No. Date P.T. Comm. L.W. Max. End Max. Remarks 
1918 Comm. Comm. Amp. oe 
h m m h m h m h m mm 
3 22° > 
1933,Dec. 1) 3 14°4? 3.42°8 (Micros. 0°7 
10 05°6 5,220 km. Ss. 
1934) “* 2 950°0 [0 02'9 1009'S Micros. I*} came in abruptly 
\ and large amp.+ 


1215°8 ) 7,850km. Well 
1935 112 OSS 12 19°5 J defined. Chil. 
1936 4 18 22°2 18 23°2 18 | 
om ., Micros. masked 
1937 7 47°4 O°! \other phases. 
3,520 km. Van- ' 
1935 © 8 47°97? 8 8 Micros. 6°8 be masked by 
micros. 
12 18°5 ? ., Micros. masked 
1939 6 12 20°1 § 12 21°7 Micros. o 4 early phases. 
5 20°6, 5 23°4 5 38°3 0-2 thicken- 
9 18 44°2 0-3 F merged into 
18 39°83 next quake. 
22°32? 22°09 -» Early phases lost 
1942 19 (20 35°2 | 2°2 ght off igh2im 
1943, Ig 02°S 19 19°} 0705 
19 Gradual thicken- 
1944, “ 14 9 37°9 19 50°3 20 02°O 0O°2 jng. 
19 20 24°0? Heavy micros. 
going on. 
1946, 21 9 39°7 9 47°5 9 49°6 |Micros. 0°7 
) 4,120 km. 
‘ ck 20 00°3 Micros. going on 
1947 23:19 52°5 §8°7 20 \ 20 Guring first 
j phases. 
1948 ‘ 25 24°2 Micros. masked 
| Ir 31°4 ) phases 


3rd. Micros when other station records small quake. 


20th. Micros. going on when other station records small quake. 


period 18 seconds. Pillar inclination 1mm. = 07°45. 


| 


4 


No. Date s. L.W. 
1918 Comm. Comm. | Comm. 
h m hm s hm s 
1933Dec. 31309?) 31734 32427 
1934 ‘“* 2 10 07 30? 
1935 4 
«6 12451 14 
1936 4 12 00 56 12 11 325 2 28 51 
1937 4/18 2408 18 2607 18 29 46 
1938 “ 6 80418 
1939 “© 6 841 39 8 42 27 


Ig40 6 1202 51 


1942 ** 1004? 18 12 31 


1943 
1944 14 
1945 ‘* 14 
1946 Ig 
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VICTORIA, B. C. 
F. N. DENISON, SUPERINTENDENT. 


04 4! 


20 11 OO |20 20 21 


Max. 


hm s/h 
3 39 31) 4 


10 12 3G? 10 22 00 10 38 00 |12 


12 04 20 |12 


5 04 08 | 5 05 37) 5 
8 15 58 15 25 18 18 


16 35 20 


9 
8 59 51719 03 29 


19 30 16 Ig 


1947 21 9 38 94259 9 52 19/1003 09 10 


Date 


1918 | Comm.) Comm. Comm. 


hm h 


Dec. 412 00 44:2 


20 12 127/20 


End 


m s 
04 18 
55 00 


24 10 


24 30 


10 §0 04 I1 16 13 31 57? 


Boom period 18 seconds. Pillar incliration 1mm. 


VERTICAL SEISMOGRAPH 


S. L.W. 


m 
10 4012 29 OO12 41 


661 8 at 44 8 42 28 8 42 


‘© 612 03 3212 04 O8 12 04 


| 
| 
| 


Max. End 


s hms 
0013 26 00 


49 9 29 00 


2412 16 00 


Max. 
Amp. 


9 


490 
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Estevan reports two local tremors at g a.m. G.M.T. on the 
at Victoria. 


Max. 
Fong Remarks 


mm 

2,760km. Alaska? 

1°2 3,240km. Pand 
S times doubtful 
no cut-off 
Aleutian Is.? 


9,150 
9, S20 J (Copiapo) 


Northern Chili. 
890 km. 


350 km.?_ Prob. 
off W. Coast of 
V.1. and N.W 
of Estevan. L 
may be S waves. 


320 km. Prob. 
off W. Coast of 
v.I. J. may be 
S waves. 

4,140 km.? 

1,400 km.? 


w 


\ May be a dual 
( earthquake. 


2,770 km.? 


First phases lost 
at cut-off. 


7902090 
NUE N 


+ 


"54 


Remarks 


8.710 km. (Copi- 


apo). Northern 


Chili. 

320 km. Prob. off 
W. Coast of V.I. 
S may be L waves 

270 km. Prob. off 
W. Coast of V.1. 
S may be L waves. 


Iith not recorded 


4 68 
4 
| 
0 00 19] 007 12. *05 
12 42 5915 37 42 
| 
18 32 04 |18 52 54 O°3 
$8 12 20 
q | 
| 
4 
49 53 
4 I 
13 
1948 23 | 
| 
1949 25 
4 | 
— ~ 
— 
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RECORDS AT TORONTO AND VICTORIA, B.C., OF THE 
EARTHQUAKE OFF VANCOUVER ISLAND, 
DECEMBER 6ru, 1918 


Szismographs all over the continent were disturbed on 


December 6th by an earthquake of considerable intensity, It is 
of special interest since it occurred in a district heretofore more 
or less immune. 

By employment of five stations and Dr. Klotz's stereographic 
projection method, the epicentre is found to be 49° 32° N. and 
127° west; 185 miles WN W of Victoria, 25 miles off Estevan 
Point. 

The disturbance apparently travelled from a northwesterly 
to a southeasterly direction, as it was reported in Estevan at 
12.40: Victoria, two minutes later; and in Vancouver and 
Seattle at 12.45 Toronto records an amplitude of 68 mm., 
whilst in Washington the shock was so great that the needles 
were dislodged from the instrument. Scismographs were not 
alone in recording the shock for it was felt by a verv large 
section of the public. In Victoria, the tremor awakened 
sleepers, shook houses and otherwise left marks of its visit. 
Similar reports come from all over the district, particularly 
from the southern section of the city where residents experi- 
enced the oscillations in a more marked manner than on the 
high levels. 

Press despatches give the following information : 

‘‘In Vancouver, many people were awakened by the 
tumbling of furniture and the dislocation of dishes, whilst the 
shock was particularly severe on the west coast of Vancouver 
Island, some sleepers being thrown out of bed, 

‘‘In Nanaimo, pictures fell from the walls; and in Seattle, 
buildings in the downtown district were shaken. 

‘* The tremor seems to have been most marked at Estevan, 
that portion of the Isiand seaboard being in the line of weak- 


ness of the Cordilleras of the Pacific slope. Estevan Point light- 


house, one of the most powerful lights on the British Columbia 


¥ 


2 
Os 
. 


70 Larthquake Record 


coast, has been temporarily put out of commission. The quake 
shook the mercury out of the lens table so that the lens cannot 
revolve until new mercury has been supplied. The lens is of 
cut glass and brass weighing about a ton, the interior being so 
roomy as to allow a man to move about within, for the purpose 
of cleaning the glass. ‘This immense lens floats on mercury con- 
tained in a huge bowl at the apex of the concrete tower, and is 
so perfectly balanced that it can be turned by the human fingers. 
The lens is revolved on the mercury by clockwork. 345 pounds 
of mercury are required to float it, so that the damage to the 
powerful light may easily be appreciated. The light is 125 feet 
above sea. The rays from the Estevan lamps are reflected 50 
miles to seaward, the direct rays having a radius of about 25 
miles. This light is one of the first to be picked up off the shore 
by vessels engaged in the trans-Pacific trade.’’ 


J. ¥. 
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MAGNETIC OBSERVATIONS 


NOVEMBER, 1918 


During the month of November the earth’s magnetic field, 
according to the records obtained at Agincourt and Meanook 
was less disturbed than for some time. This condition syn- 
chronizes with lessened frequency of sunspots as observed at 
Toronto by Mr. Blake, and with fewer-reports of aurora from 
meteorological observers in Canada. 


Active magnetic disturbances of moderate intensity were 
recorded on the 11th, 12th, 13th, 23rd and 30th. The greatest 
display of sunspots was from the 19th to the 23rd, and reports 
of aurora were most numerous on the nights of the 10th, 11th 
and 22nd. 


| 


Magnetic Observations 
AGINCOURT MAGNETIC OBSERVATIONS 
Lat. 43° 47’ N.; Long. 79° 16’ W. 
November, 1918 D. West H Z I 
Mean of Month 392 15508 53333 74 45° 
Maximum 7 16010 58473 | 
Date of Maximum 20 29 29 
Minimum 5 506°  =15686 58165 
Date of Minimum 1 23 23 
Monthly Range 1 260 324 308 
Mean Daily § From hourly readings S°5 35 22 
Amplitude ( From means of extremes 22°9 77 54 
MEANOOK MAGNETIC OBSERVATIONS 
Lat. 54° 37° N.; Long. 113° 21’ W. 
November, 1918 D. East H Z I 
Mean of Month 27 43°2 12928 60333 77 54°3 
Maximum 29 
Date of Maximum 22 | 
Minimum 26 18'S 
Date of Minimum 11 | 
Monthly Range 3 
Mean Daily § From hourly readings 10°3 
Amplitude ? From means of extremes 49°0 


H and Z are given in Gammas. (1 Y = o’oooo! C.G.S.). 
All results are reduced to I.M.S. 


The value of I at Meanook is the mean of all the observations made during 


the month without regard to the time of day. 


The value of H at Meanook is the mean of two observations made about 


the middie of the month, and the Z is obtained by the formnla Z iM tan 1. 


W. E. W. J. 
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ASTRONOMICAL NOTES 


THE ABSORPTION SPECTRUM OF THE Novai.—OQne of the 
most remarkable features of the spectrum of novze or temporary 
stars is the presence at a certain stage in their development of 
absorption lines displaced greatly toward the violet end of the 
spectrum. In the case of the elements hydrogen and helium they 
appear as strong lines forming sharp boundaries to the broad 
emission bands which are the principal characteristic of the spec- 
trum of such stars. Occasionally they are double and are subject 
to great variations in character and intensity. In addition to the 
lines of hydrogen and helium a large number of absorption lines 
has been observed in the spectra of the three brightest nove of 
recent years, Nova Persei of 1901, Nova Geminorum of 1912, 
and Nova Aquilz of 1918. The identification of many of these 
lines and some features of their displacements form the object of 
this communication. 

Nova Aquilz was first observed at Mount Wilson on June 8. 
At this time the spectrum was essentially continuous, with a few 
broad and hazy absorption bands superposed upon it. Most of 
these were due to hydrogen and helium and were displaced over 
20 angstroms toward the violet. Two nights later the entire 
spectrum had changed: a large number of comparatively narrow 
absorption lines had appeared and the hydrogen and helium lines 
had become double. This spectrum had so many points of simi- 
larity to that of certain stars that a comparison was instituted 
with a photograph of a Cygni, a star of early type with excep- 
tionally strong enhanced lines. It then appeared that a consid- 


able number of lines could be identified as common to both spec- 


| 
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tra provided a displacement of about — 23 angstroms at \4500 
were assumed in the case of Nova Aquila. A large proportion 
of these lines are enhanced but some of the stronger arc lines are 
also represented. In the region of spectrum between \3900 and 
7B ninety lines have been identified with considerable certainty, 
and the origin of many others may be assigned with only slightly 
less probability. 

We find, accordingly, the surprising result that the displace- 
ments of the lines in all of these stars are directly proportional to 
wave-length and divide themselves into two pairs of equal amount. 
Of these the first pair of stars has exactly twice the displacement 
of the second, and it is perhaps a significant fact that Nova 
Aquilze and Nova Persei were much brighter stars apparently, 
and probably intrinsically as well, than Nova Geminorum and 
Nova Aurige. 

A very peculiar phenomenon in the case of Nova Aquilz is 
the progressive increase in the values of the displacements of the 
absorption lines at successive dates. 

In the case of Nova Geminorum, therefore, the displacement 
of this component of the hydrogen lines is almost exactly twice 
that of the less refrangible component and the numerous metallic 
lines, while in Nova Aquilze it is one and one-half times as great. 
In other words 11, 22 and 33 angstroms, in the harmonic ratio 1, 
2 and 5, represent very closely all the displacements found among 
the absorption lines in the spectra of these four stars with the 
exception of the four narrow nearly undisplaced lines of calcium 
and sodium from which the radial velocities of the stars may be 
derived. These lines, like the broad emission bands of hydrogen 
and helium, may perhaps be considered as belonging to the stars 
themselves, while the greatly displaced absorption lines originate 
in an outer envelope possibly detached from the body of the stars. 

It is certain that no adequate explanation has been offered 
as yet to account for these immense displacements. Were the 
hydrogen and helium lines alone involved it is possible that some 
of the complex phenomena of self-reversal under conditions of 


marked variations in density and pressure might, at least in part, 
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be responsible. The presence, howeyer, of a great number of 
comparatively narrow single absorption lines unaccompanied by 
emission bands cannot be explained in this way. Their charac- 
ter, as well as the law of variation of displacement with wave- 
length, also precludes the agency of pressure (assuming that 
negative displacements can be produced by pressure) and the 
Zeeman effect. No dependence of anomalous dispersion upon 
wave-length is known, even if it were adequate to produce lines 
of such a character with such displacements. 

In some respects the Doppler effect accounts most nearly for 
the results observed, Motion in the line of sight would produce 
displacements directly proportional to wave-length and might 
leave the spectral lines well-defined. The velocities involved, 
— 750 km. in the case of Nova Geminorum and Nova Aurige, 
and — 1500 km. for Nova Aquilz and Nova Persei, though large, 
are of the order found for some spiral nebule, and not many 
times greater than those observed in some of the solar promin- 
ences. If the more refrangible component of the hydrogen, 
helium and caicium lines is considered, the velocities amount to 
—1500 and —2200 km. respectively. These values are for 
motion in the line of sight. If a generalized form of the Doppler 
principle is used a part or the whole of the effect might be referred 
to a rapid change in the thickness of stratum of gas producing 
the absorption,or in its refractive index. This hypothesis was 
suggested by W. Michelson to account tor the high velocities 
observed in solar prominences, and by Paddock in the case of 
Nova Aquilz. Some objections to this view are the rate of 
change in refractive index or in thickness of the gas which 
would be required, especially since a decrease of index would be 
needed to produce displacements toward shorter wave-lengths ; 
the harmonic relationship found among the displacements ; and 
the relatively narrow character of the absorption lines. 

The last two objections might also apply to motion in the 
line of sight. ‘The suggestion, however, may be made that the 


absorption lines are produced in a shell of gas which is moving 


radially outward from the star with a high velocity. If the size 
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of this shell is large as compared with that of the body of the 
star itis evident that an area of the shell only equal to that of 
the star would be seen in projection against the latter and would 
give absorption lines, and that all of the gas within this area 
would have large components of velocity toward the observer. 
This would result in comparatively narrow absorption lines. 
The remainder of the shell of gas would give an emission spec- 
trum, and the combination of the widely different velocities 
would result in very broad bright bands with their centres nearly 
undisplaced. This is in accordance with observations. With 
these high velocities the interval of two days between the out- 
burst of the star and the appearance of the prominent absorption 
spectrum would be sufficient for the gas to reach a great distance 
fronvthe surface of the star. The hypothesis would, however, 
leave unexplained the apparent acceleration of motion during the 
period of observation of the absorption spectrum ; and the nearly 
constant character of the emission bands after the disappearance 
of the absorption spectrum would peint rather to their origin in 
the star itself. 

The possibility of some form of dissociation is suggested by 
the harmonic relationship between the displacements of the com- 
ponents of the hydrogen lines, and the early appearance of the 
nebular lines in the spectra of these stars adds interest to con- 
sideration of this nature. —W. S. ApAms, Proceedings National 
Academy of Sciences, U.S.A., December, 1918. 


Tue following Press Despatch has just been received :— 
Cambridge, Mass., February 3.— Professor Edward Charles 
Pickering, director of the Harvard Observatory, and one of the 
most widely known astronomers in the country, died late to-day 
a brief illness. 

FALLING SNow CoLoreD By Dusr.—A study has been 
made by Messrs. A, N, Winchell and E. R. Miller, of the Uni- 


versity of Wisconsin, of a shower of dust which discolored falling 


snow at Madison and elsewhere on March 9. 1918. According 


on 
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to somewhat scanty reports, this colored snow fell at least from 
Dubuque, Iowa, to Chelsea, Vt., in an east-west direction, and 
from Madison, Wis., to Newberry, Mich., in a north-south 
direction. It covered an area of at least 100,000 square miles, 


and probably much more. The total quantity of dust is estim- 


ated to have been at least a million tons, and may have greatly 
exceeded this, perhaps even amounting to hundreds of millions of 
tons. A study of the character of the dust and of the attendant 
meteorological conditions led to the belief that the dust was 
blown all the way from arid regions in the far south-western 
United States, and was therefore transported a thousand miles 
or more.—English Mechanic and World of Science, No. 2806. 


GRAVITATION.—In the ‘‘ E.M.’’ of the 20th and 27th of 
March, 1903, I gave a set of numerical illustrations of the force of 
attraction between certain chosen bodies, and among them was the 


following :—(1) two equal splieres of water (that is, of a material 
of density equal to unity), each with a radius of about 241 cm., 
attract with a force just equal to the weight of 1 gramme. 

It may be of interest to add for comparison two other cases : 
—(2) In order that a single sphere of water should attract a 
mass of | gramme, placed on its surface, with a force equal to 
the weight of a gramme, the radius of the sphere must have the 
enormous value of 3,517,732,000 cm., a length 5,527 times that 
of the earth’s radius, and 14,611,810 times that of the radius of 
either sphere in (1). 

(3) If we take a single sphere of 241 cm. radius, it will 
attract a mass of | gramme on its surface with a force of the 
weight of 1 gramme divided by 14,611,810, an extremely small 
force. The point of special interest is in the contrast between (1 ) 
and (2). It requires a sphere of water, with a radius more than 
5% times that of the earth, to attract a mass of 1 gramme on its 
surface with a force equal to that with which two equal spheres 


of water in contact attract each other, the radius of either being 

less than 8 ft.—CuHas. T. Warmer, F.R.A.S., Journal and 

Transactions Leeds Astronomical Society, No. 25. ; 
j.R. 


= 


3 


NOTES AND QUERIES | 


Communications are lavited, Especially from Amateurs. The Editor will try to 
Secure Answers to Queries. 


A NEW TYPE OF NEBULAR SPECTRUM 


3v degrees we are learning various facts which ultimatel 
will enable us to formulate a consistent theory of the evolution 
of the stars. One such new discovery was made in the investig: 
tion into Hubble’s Variable Nebula carried out at the Lowell. 
Observatory and described in Bulletin No. 81 of that institutio: 
This nebula is officially designated N.G.C. 2261, and in the cata- 
logue is described as “cometic”, having a nucleus (known as the 
variable star R Monocerotis) from which streams off the comet 
shaped nebulosity. The star is at the apex of the nebulous bod) 
and is all but separated from it. Unfortunately the nucleus is 
very faint, being of magnitude 12, and so to obtain a photograph 
0? its spectrum is a long and tedious task. 

Quite recently Hubble showed that the nebula was distinctly 
variable and it was felt that it should prove an interesting object 
tor the spectrograph. Dr. Slipher has made two spectrograms, 
the second with an exposure of 37 hours, and on examination the 
spectrum showed a remarkable resemblance to those of Nova 
(seminorum No. 2 and Nova Aurigae at some of their early stages 
of development. 

The establishment of the fact that this remarkable nebula is 
ot the nature of a nova does not clear up the mystery, but it is 
very suggestive. By a study of the variations in the form and 


brightness of the nebula, and at the same time of the changes in its 


spectrum, we may hope to obtain suggestions as to the nature of 
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novae. Another nebula, N.G.C. 6729, has been extensively studied 
by Knox-Shaw, in Egypt, and Lampland at Flagstaff, and a spec- 
trogram was attempted by Slipher with an exposure of 20 hours. 
The plate is very weak, but the indications are that this nebula is 
similar to Hubble’s. Though these objects are faint, they come 
about every year and thus give opportunities for study, while the 
novae have to be taken when they happen to appear. 


COMMERCE AND RESEARCH 


For the last three or four years there has been much discus- 
sion regarding the place of scientific research in the manufactures 
of a country, and it certainly has been demonstrated that science 
can lend great assistance in advancing the production of a nation. 
In the United States the Bureau of Standards at Washington has 
carried on some very important investigations into fundamental 
scientific matters, as well as many with a direct bearing upon 
trade, while a number of large manufacturing companies have 
instituted research laboratories of their own. It has been pro- 
posed to establish in Canada an institution combining in some 
degree both the purely scientific and the practical sides of research. 

The recent meeting of the American Physical Society at 
Baltimore illustrated the activity of these research institutions. 
Out of 23 papers on the program, 7 were from workers in com- 
mercial laboratories, 6 from the Bureau of Standards and 3 from 
the Weather Bureau. The remaining 5 came from university 
laboratories. Of course, this small number for the universities 
does not fairly represent their scientific activities, as most of the 
workers were giving their best efforts to the war service of the 
Government; but the program does show that scientific research 


has taken root in the manufacturing life of the United States. 


A YOUNG MOON SEEN AT 11 P.M. 


The attack at midnight on Zeebrugge by the Vindictive and 


her associated craft was one of the greatest episodes in the war 


; 
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and, indeed, one of the finest achievements in the annals of the 
British Navy. It is therefore with some hesitation that I refer to 
a description of the action written by Lt.-Commander EI. Hilton 
Young, who was second in command on the Vindictive, which was 
published in The Cornhill Magazine. In his very interesting 
account he says: 
The picture becomes sharp again at 11 o’clock at night on April 22.... 
The night was overcast; but there was some star-shine, and also, I 
think, a low young moon behind the clouds. Altogether there was a faint 
glimmer of light on the sea, and large objects could be seen dimly some 
five hundred yards away. 
Now, | fear a “low young moon” would have set long before 
il p.m.; also I doubt if there was much starshine with an over- 
cast sky. Further, the Nautical Almanac must assert its dignity. 
and it says that on April 22, 1918, at 11 p.m., the moon was almost 
12 days old, that is, well on to full; and at that hour it would be 
near the meridian and about 40 degrees above the horizon. It no 
doubt supplied the “faint glimmer of light”, which, however, was 


enough to guide the heroic company in their daring and brilliani 


exploit. Captain Carpenter has enumerated so many impossible 


things which were actually done on that historic night that, 1 
the Almanac had not interposed its record, | would have fel 
inclined to believe that the venturesome men had been able to 


keep the “young moon” above the horizon until after 11 o'clock. 


THE PUBLISHER OF ‘‘ THE BINARY. STARS.”’ 


In the review of this work in the December number the 
publisher's name was not given, as it does not appear on the 
title page. I am asked to state that the publisher is Douglas C. 
Mc Murtrie, 292) Broadway, New York City. 
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